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1 |

APPARATUS AND METHOD FOR SYNC
DETECTION IN DIGITAL DATA

FIELD OF THE INVENTION

The present invention relates to the detection of sync
patterns in digital data. More particularly, it relates to
the detection of sync patterns in digital serial data and
to the conversion of the digital serial data to digital
parallel data aligned with respect to the detected sync

2 _
that it cannot utilize “preamble” sync pattems occur-
ring at intervals shorter than normal blocks, to increase

the reliability of detecting the first data sync block of a
sector recorded on tape.

U.S Pat. No. 4,646,328 discloses a sync detection
scheme in which data is processed at one third the serial
byte rate, thus reducing the need for high speed logic.

- The basic approach, however, appears unsuitable for -

10

. patterns. Such technology is especially useful in digital

video tape recorders (DVTRs).

BACKGROUND OF THE INVENTION

Video digital data typically originates in parallel
form, but is recorded in serial form. The serial data is
then reconstituted in its parallel form during playback.
Sync patterns, strings of bits in a predetermined se-
quence embedded in the serial data at regular intervals,
serve as keys for dividing the serial data into the same

bytes of parallel bits which constituted the original

parallel data. This process may also be conceptuall.zed
as the alignment of the byte boundaries with their origi-
nal positions.

Two phenomena are known to interfere with the
proper alignment of the reconstituted parallel data with
the original parallel data. The first such phenomenon is
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the tendency of the sync pattern to “slip,” that is, to -

occur either slightly before or after the end of the nor-
mal interval between sync patterns, typically due to
“dropouts” occurring between sync patterns. It is there-
fore desirable that a sync detection circuit be able to
recognize a sync pattern despite Bit slippage within an
acceptable range to avoid loss of video data.

The other phenomenon is the erroneous failure of any

~ recognizable sync pattern to occur at all at the begin-
ning of a block, typically due to errors or dropouts
occurring in the vicinity of the sync pattern. It is possi-
ble that video data is still present despite the absence of
one or even several sync patterns. It is therefore desir-
able to provide a sync detection circuit which can con-
tinue to operate normally despite a failure to detect a

sync pattern for a predetermined period of time after.

the normal interval between sync pulses.
It is further the case that conventional sync detection
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circuitry generally operates at a serial data rate rather

than at a slower parallel data rate. Such circuitry there-
fore typically requires high-speed logic which in turn
requires more power, and is less suitable for LSI inte-
gration, than logic adapted to operate at a slower paral-
lel clock rate. It is therefore also desirable to provide a
sync detection circuit in which most if not all of the
circuitry operates at a parallel clock rate.

Toward this end, it is known as a first step to convert
the incoming serial data to parallel data words without
regard to proper alignment. Sync detection is then per-

formed upon the parallel data at the parallel clock rate.

A. device such as a funnel shifter then shifts the parallel
data 1nto its original alignment using the position of the
detected sync pattern as a guide. Such a system is dis-

50
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closed, for example, in U.S. Pat. No. 4,414,677. The -
particular technique disclosed in this patent, however, .

involves identifying various repeating patterns spaced
at one block intervals. This requires a substantial
amount of memory (typically four or more sync blocks

long) to retain data while a sync signal is sought. It is-

also necessarily dependent on the assumption that sync
patterns will be equally spaced in the data stream, so
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processing at any other rate. The technique disclosed in
this patent is therefore probably not suitable for DVTR,
where data is typically organized in 8-bit bytes. |
U.S. Pat. No. 4,680,766 discloses a system for decod-
ing and checking a sync block address. This effort is
necessitated by the use of a data format which requires
that the address be decoded independently with very
high reliability to decode the rest of the block. Imple-

menting this scheme requires three separate funnel or
barrel shifters.

SUMMARY OF THE INVENTION

There is thus a need for a device in which sync detec-
tion and conversion to properly aligned data may be

- performed at a parallel clock rate, thus permitting use of

lower speed logic, reducing power dissipation, and
facilitating large scale integration, while at the same
time providing a flexible and sophisticated response to a
displacement or absence of sync signals. This need is
met in the present invention through the provision of
means, responsive to incoming digital data, for identify-
Ing a sync pattern in the data, for generating a first
signal in response to a condition in which the sync
pattern occurs at a position in the digital data within a
window about an expected position, and for setting the
width of the window in accordance with the value of a
threshold signal. The threshold signal is generated by
generating means in such a fashion as to cause the win-
dow to have a first width if a sync pattern has been
found in the window during a predefined interval, or a
second width greater than the first width if no sync
pattern has been found in the window in the predefined
interval.

Expressed in different terms, the invention includes
means arranged to receive parallel data, for detecting a
sync pattern in the parallel data, for generating a sync
pulse in response to the detection of the sync pattern,
and for determining an actual position of the sync pat-
tern and generating a position signal indicative of the
position. The invention also includes means, arranged to
receive the position signal, for comparing the actual
position with an expected position indicated by an ex-
pected position signal and for generating a slip signal
indicative of a degree of slip between the expected
position and the actual position. The slip signal is pro-
vided to first signal generating means, which generates
a sync-in-window signal when the degree of slip is
within an acceptable window. Second signal generating
means generates a syncfound signal in response to the
presence of both the sync pulse and the sync-in-window
signal. The syncfound signal causes the latching means

to latch the position signal and so to generate a shift

signal in response to the syncfound signal and also sup-
ply the shift signal to the comparing means. The third
signal generating means generates a select signal indica-
tive of the word count at which sync pattern is expected
and supplies 1 to the comparing means. The expected
position signal is based on the shift signal and the select
signal. The third signal generating means also generates
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a threshold signal having a value indicative of the ac-
ceptable window, and supplies the threshold signal to
the first signal generating means to set the acceptable

window. The threshold signal is caused to assume a first
value if the syncfound signal is found in a predefined
interval, and to assume a second value greater than the

first value when the syncfound signal is not found dur-
g the predefined interval.

The apparatus can also include converting means,
coupled to the detecting means, for receiving serial data
and converting the serial data into parallel data. It also
includes means, coupled to the converting means and
the latching means, for re-aligning the parallel data on
the basis of the shift signal.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will be
understood more clearly from the following descrip-
tion, read in conjunction with the drawings, in which:

FIG. 1 1s a functional block diagram of a presently
preferred embodiment of an apparatus for sync detec-
tion according to the present invention;

FI1G. 2 1s a presently preferred implementation of the
detecting means shown in FIG. 1; |

FIG. 3 is a presently preferred implementation of the
comparing means depicted in FIG. 1; |

FIG. 4 1s a presently preferred tmplementation of the
re-aligning means shown in FIG. 1;

F1G. 5 1s a presently preferred implementation of the
third signal generating means shown in FIG. 1; and

FIG. 6 is a state diagram of an exemplary mode of
operation of the implementation of the third signal gen-
erating means shown in FIG. 4.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following description of presently preferred
embodiments, it will be assumed that the invention is
used to reconstitute parallel data consisting of 8-bit
bytes or words. It will be apparent to one of ordinary
skill in the art, however, that other parallel data widths
may be used. It will also be assumed that the. parallel
data values will be given in hexadecimal (or binary)
form notation where the most significant bit of the word
occurs first in time in the serial data stream. Moreover,
1t will be assumed that the sync pattern is 16 bits or two
bytes long, with the pattern (OC,AF);, or
(00001100,10101111)3. It will be apparent to one of
ordinary skill in the art that other sync lengths or pat-
terns may be utilized.

FI1G. 1 1s a block diagram of one embodiment of a
sync detection circuit according to the present inven-
tion. The embodiment of FIG. 1 includes a converting
means 10 which receives serial digital data and a serial
clock signal from, for example, a reproducing head of a
digital tape recorder. The converting means 10 converts

4,879 731
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A sync pattern of the type assumed may have any one
of eight different positions or alignments in the parallel
data stream, relative to the word boundaries. A detect-

ing means 20 detects the sync pattern in one of these
eight possible alignments. Whenever a sync pattern is
detected, the detecting means 20 outputs a sync signal

and a position signal indicating the particular alignment
detected. - '

A comparing means 80 calculates the difference, in
serial bit positions, between where a sync pattern is
detected and where it is expected, based on a previous
occurrence of the sync pattern. Of course, if the sync
pattern is the first encountered after some interruption
in operation such as would be indicated by generation
of a reset signal, then the expected position is not based
on a previous occurrence of the sync signal, there being
none. As will be explained below, however, in such
cases the circuit operates in a mode in which it will
accept as valid the first sync pattern encountered, re-
gardless of position. Upon detecting this first sync pat-
tern, the circuit reverts to a mode in which an expected
position is based on the position of this initially-detected
occurrence. :

In the presently preferred embodiment, the compar-
ing means 80 outputs a 5-bit code indicating the direc-
tion and magnitude of the amount by which the sync
pulse position deviates from its expected position, the
“sync slip”, in bit positions. It does so by comparing the
position signal with an expected position signal. In a
preferred embodiment, this expected position signal is a
concatenation of a 2-bit select signal indicating in which
word the beginning of the sync signal is located and a
3-bit shift signal indicating the expected alignment of
the sync pattern with respect to the word boundaries.
These signals are developed by means which will be
described below. |

The comparing means 80 calculates the “sync slip” of
any sync pattern whose beginning occurs within a 3-
word range. The middle word of this range is that
within which the beginning of the sync pattern is ex-
pected. The maximum sync slip magnitude is 15 bits,
and may be negative or positive. This is encoded by a
4-bit slip magnitude plus a slip direction bit. If the begin-
ning of the sync pulse occurs outside of the 3-word
interval, the syno slip magnitude is forced a maximum
value of 15.

The comparing means 80 receives a 2-bit select signal
which indicates the location of the word where the
beginning of the sync pulse is expected. More precisely,
the signal is caused o assume a value of two at the word
or count in which the beginning of the sync pulse is
expected, a value of one in the preceding count, a value

- of three in the following count, and zero in all other

33

this data into a parallel form, and generates a parallel

clock signal which is supplied to other components of
the circuit. The converting means 10 performs conver-
ston of serial to parailel data in a “free running” mode
which results in randomly phased, or randomly-aligned,
words, that is, words formed without regard to the
alignment of byte boundaries in the original parallel
data. The converting means 10 may, for example, com-
prise a shift register operating in a conventional manner.

In the embodiment shown, the converting means 10
operates at a serial clock rate. The other means de-
scribed below, however, operate at a parallel clock rate.

60

65

counts. This particular scheme simplifies the subsequent
comparing means calculations; other schemes could be
used. The comparing means 80 also receives a shift
signal which is a 3-bit position signal which has been
latched after having been identified as encoding the
alignment of a sync pulse with respect to the word
boundaries. The precise manner in which the shift sig-
nal is generated will be described more fully below.
The slip magnitude-signal is applied to a first signal
generating means 120. The first signal generating means
120 compares the slip magnitude from the comparing
means 80 to a window value determined in accordance
with a threshold signal, means for the generation of
which will be described below. If the slip is determined
to be within the window, the first signal generating
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- means 20 generates a sync-in-window signal. The sync-

4,879,731

in-window signal is applied to second signal generating

‘means 130. Second signal generating means 130 pro-

duces a syncfound signal in response to receipt of both
the sync-in-window signal and the sync signal from the

detecting means 20. The second signal generating

means might be 1mplemented for example, w1th an

AND gate.

It may be necessary to delay propagation of the sync

sighal to match the processing delay in the comparing

10

‘means 80 and first signal generating means 120. This
-delay may be effected by means incorporated into the

detecting means or the second signal generating means,

or may be an independent circuit such as first delay
-means 140 as depicted in FIG. 1. |

The syncfound signal, a pulse indicating that a valid
sync pattern has been found, i1s applied to the latching
means 150. This causes the latching means 150 to latch
the 3-bit position code. The latched 3-bit position code
‘constitutes the shift code. The shift code is applied to
the re-aligning means 160.

1

20

The re-aligning means 160 is preferably a funnel

‘shifter circuit which is a simple form of a barrel shifter.
It outputs, in the example being discussed, an 8-bit field
selected from one of 8 positions out of 15 input data bits.

'FIG. 2 shows a particular implementation of the

“detecting means 20. It includes eight 16-input NAND
gates 35. Each NAND gate 35 detects the sync pattern
In a respective one of the eight alignments. These gates
may be in the form of discrete logic gates, programma-
ble logic arrays, or integrated in a single LSI chip. A

priority encoder 40 encodes the eight possible positions

and produces a 3-bit position signal. An output latch 50
retains the value of the 3-bit code. The circuit also in-

cludes first and second latches 60 and 70 to provide for

simultaneous presentation of three bytes to the logic
gates 35. The specific operations of each of these ele-

ments will be apparent to one of ordinary skill in the art.

Priority encoder 40 may be an IC type 74148 priority
encoder, output latch 50 may be an IC type 74377 D-

type flip-flop, and first and second latches 60 and 70

may be IC type 74374 octal D-type flip-flops.

- FIG. 3 shows a particular implementation of the
- comparing means 80. The comparing means 80 includes
a first adder 90 and a second adder 100. Calculation is
performed in two steps. In the first step, the first adder
90 calculates the difference between two numbers using
a two’s complement algorithm producing a 5-bit repre-

sentation of the sync slip in two’s complement form. In .

the second step, the second adder 100 converts the slip
signal to a sign plus 4-bit. magnitude form. It may be
necessary to reclock intermediate results of this calcula-
tion to limit propagation delay. The registers which
would be used to perform the reclocking are omitted in
FIG. 3 for the sake of clarity, but their implementation
would be apparent to one of ordinary skill in the art and
- would not alter the principle of operation of the circuit.

One quantity in the calculation, the minuend, is a
composite 5-bit signal whose binary representation is a
concatenation of the 2-bit select signal (blksell, blksel0)
and the 3-bit position signal (syncloc2, synclocl, syn-
cloc0). The resulting quantity (blksell, blksel0, syn-

6

the calculation, (1, 0, shift2, shiftl, shift0), which is a
concatenation of (01) and the 3-bit shift signal. The first
adder 90 may be a 4-bit adder with an extra exclusive
OR gate 95 to extend it to 5 bits, as shown. For example,
the 4-bit adder may be IC type 74283 full adder. It

~would be apparent to one of ordinary skill in the art,

howeyver, that other adder implementations may be used

- without altering the principles of operation of the in-

vention.
~ The 5-bit two’s complement result is within the range
of plus or minus 15 inclusive, provided the beginning of

 the sync pulse occurs within the above-mentioned 3-

count interval. The remaining two’s complement value
of negative 16 can occur only if the sync pulse occurs
outside of the interval. |

The second adder 100 in FIG. 3 performs conversion
to sign plus magnitude form. If the leading bit of the slip
signal 1s 0, the two’s complement quantity is 0 or posi-
tive, and the second adder 100 will have no effect. If the
leading bit of the slip signal is 1, the two’s complement
quantity is negative, which causes the second adder 100

- to 1invert the remaining bits and increment the resulting

25
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cloc2, synclocl, syncloc0), is applied as one addend to

first adder 90. The second addend is a concatenation of
(01) and the inverse of 3-bit shift signal (shift2, shift1,
shift0). This quantity (0, 1, shift2, shiftl, shift0), together
- with a binary 1 supplied to the adder carrying-in input,

‘constitutes the two’s complement of the subtrahend in

65

quantity by 1. Thus, the second adder 100 outputs the
4-bit magnitude.

For example, consider Table 1, which presents calcu-
lations for the case in which the sluft signal has the

-value (000).
TABLE 1
Difference Decimal
- (Two’s complement) Equivalent

Minuend After Conversion
00000 10000 — 15%*
00001 10001 —135
00010 10010 — 14
00011 10011 —13
00100 10100 - —12
00101 10101 w11

00110 10110 — 10
00111 10111 —9
01000 11000 -8
01001 11001 -
01010 11010 -6
01011 11011 —5
01100 11100 -4
(01101 11101 -3
01110 11110 -2
01111 11111 —1
10000 00000 0
10001 00001 41
10010 00010 42
10011 00011 +3
10100 00100 14
10101 00101 45
10110 00110 +6
10111 00111 +7
11000 01000 +3

- 11001 01001 +9
11010 01010 + 10
11011 01011 +11
11100 01100 +12
11101 01101 +13
11110 01110 + 14
11111 01111 + 15

*original magnitude of 16 shifted to 15 {see below)

The subtrahend is (10000) and its two’s complement,
which will be added to the minuend, is also (10000). If

‘the minuend, which, it will be recalled, is (blksell,

blksel0, syncloc2, synclocl, syncloc) is, for example
(10110), then the resulting two’s complement difference
is (10110), which upon conversion to sign pius magni-
tude, has a decimal value of —10.
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| T
‘The computations for other values of the shift signal
are equally straightforward. In fact, they may be read
from Table 1 if one takes into account that each incre-
ment in the value of shift select signal shifts the second
and third columns of Table 1 downward one row, with

the bottom row rotating to the top.
A special case of conversion occurs if the two’s com-

plement number has a value of — 16 (10000 binary). This

quantity has no proper representation as+a sign plus 4-bit -

magnitude number. The second adder 100 will output a
result of —0 (10000 binary). In order to counteract this,
OR gates 110 are used in conjunction with AND gate
115 to force the magnitude of the slip signal to be 15
when the beginning of the sync pulse occurs outside the
previously-mentioned 3-count interval.

FIG. 4 shows a particular implementation of the
realigning means according to the present invention. It
includes an array of 8-1 multiplexers 170, numbering 8
in all. It also includes an input latch 180 and an output
latch 190. The input latch 180 assures simultaneous
presentation of 2 bytes to the multiplexer array. The
multiplexers may be in the form of discrete logic, pro-
grammed logic arrays, or integrated in L.SI format. It
may be necessary to delay the parallel data between the
converting means and the re-aligning means to compen-
sate for the delay in the detecting means, comparing
means, first signal generating means, etc. This delay can
be accomplished within converting means 10, within
the re-aligning means 160, or in a separate means such as
second delay means 195 as depicted in FIG. 1. The
re-aligning means takes the data, properly delayed, and
shifts it in accordance with the shift signal from the
latching means 150. The data which leaves the re-align-
ing means 160 is then properly aligned with respect to
the detected synchronization signal.

The select signal and threshold signal are generated
by third signal generating means 200. As shown in FIG.
S, third signal generating means preferably inciudes a
counter control means 210, a counter means 220, and a
decoding means 230. The counter control means 210 is
reset by a signal generated at the beginning of a data
sequence, for example, when a reproducing head comes
on tape in a digital tape recorder. Receipt of the reset
signal defines a “reset” or “window open” state for the
counter control means 210. In this state, the counter
means 220 1s forced to remain cleared, and the threshold
signal assumes its maximum value of 15 (1111 binary).

This maximum threshold signal is applied to the first
signal generating means 120. This defines a “window
open” state in which the output of the comparing means
80 is immaterial. The first signal generating means 120
compares the bit slip magnitude from the comparing
means 80 to the threshold value. In the “window open”
state in which the threshold is at the maximum possible
~ value, the output of the first signal generating means
120, that is, the sync-in-window signal, is always high.
Thus, a sync pattern will be recognized in this state
regardless of its location, and the sync-in-window signal
and syncfound signal are assuredly generated. The sync
pulse from detecting means 20, properly delayed to
match the processing delay in the other circuitry, is
applied to -second signal generating means 130 along
with the output of the first signal generating means 120.
Second signal generating means then generates a sync-
found signal pulse indicating that a valid sync pattern
has been found. Besides being applied to the latching
means 150 as described above, the syncfound signal is
also applied to the third signal generating means 200.
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This causes the third signal generating means 200 to
transition to a non-reset or “window closed state”, en-
abling the counter means 220 to increment by counting
parallel clock pulses. In this state, the circuit will recog-
nize only a sync pattern within a narrow “window”

about its expected location, based on the predetermined,
normal distance between sync patterns. The size of the

window is set by the threshold value, which is less than
the maximum value of 15 used in the window-open
state. Typically, the width of the window in the win-
dow-closed state will be small compared to the length
of the sync pattern in bits. -

The counter control means 210 defines the sync ac-

quisition strategy, including the size of the window
once sync is acquired and the flywheeling to be per-
formed, if any, when a block with a missing sync is
encountered. For the purposes of describing the inven-
tion, it will be assumed that it is desired to implement a
control strategy that will flywheel through a maximum
of one block with a missing sync. Moreover, it is as-
sumed that it is desired to implement an embodiment in
which the normal window is plus or minus 4 bits, which
1s widened to plus or minus 8 bits when flywheeling
through a block with a missing sync pattern. It will be
apparent to one of ordinary skill in the art, however,
that other control strategies are possible. The central
feature is that when a sync pattern is recognized the
counter be reset and enabled, in order to form a window
for the next sync pattern, with the threshold (window
size) less than 15 in the window closed state.
- FIG. 6 1s a state transition diagram of the counter
control means 220 incorporating the assumed control
algorithm. This algorithm may be implemented in a
variety of ways, for example, with a programmable read
only memory or programmable logic array. In most
Instances, three control inputs will suffice: a reset signal,
a syncfound signal, and a blkend signal. The blkend
signal is decoded from the counter means 220 to appear
normally in the clock period following that in which the
syncfound signal occurs. The reset signal is generated
upon the beginning of data acquisition, for example,
when the tape head begins to read data from magnetic
tape. The syncfound signal is generated as described
above. |

As shown, the counter control means 210 is initially
in the reset state, S0. In this state, the threshold is at its
maximum value of 15, and the counter means 220 is
continuously cleared. When a syncfound pulse occurs,
control means 210 passes through states S1, S2, and S3
in succession. In state S2 counter 220 is cleared and
thereafter begins incrementing as it counts parallel
clock pulses. During these states the window threshold
is reduced to four, for example. If the blkend pulse
occurs without a syncfound pulse having occurred, the
first sync is assumed to have been spurious and the
circuit returns to state S0. This can occur, for example,
if the first recognized sync pattern occurred in the data.
If the syncfound pulse occurs in state S3, then the cir-
cuit moves through states S4, S5 and S6 in succession.
The counter means 220 is cleared in state S5 and the
threshold remains at 4. The circuit continues to cycle
among states S4, S5 and S6 as long as sync patterns are
found within the plus or minus 4-bit window. If it
should happen that a blkend pulse occurs before the
occurrence of a syncfound pulse, then it is assumed that
an error affecting the sync pattern has occurred, and the -
circuit moves to states S7 and S8 in succession. State S7
clears the counter means 220, and the threshold is in-
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creased to 8. If the next syncfound pulse occurs the
- circuit reverts to state S4. If another blkend pulse oc-

curs, however, before the occurrence of a syncfound

pulse, the circuit returns to reset state SO.

Other control strategies are possible. The circuit may
be designed not to try to flywheel through blocks with

a missing sync, or to try to flywheel through more than
one block. Various threshold values may be a331gned |
prowded that thesthreshold of the reset state is 15, and
the remaining states have smaller thresholds.

One of ordinary skill in the art will appreciate from -

 the foregoing that the present invention can be imple-
mented using almost exclusively parallel logic. Such an

implementation reduces power consumption and cost,

and lends itself well to large scale integration. At the
- same time, the present invention offers a highly respon-
sive and flexible sync detection scheme.

The subject invention has been described above in
terms of several specific embodiments. It will be under-
stood, however, that these embodiments have been used
merely to illustrate the principles of the invention, and
it is possible that the principles of the invention could be
implemented in embodiments other than those specifi-
cally described above. For example, the number of bits
in the parallel form of the data may be greater or less
than 8. The sync word length may be other than 16 bits,
and its pattern may differ from that assumed herein. The
comparing means may be implemented by a program-

mable read only memory of suitable size rather than by

a full adder. Other algorithms or strategies for the
flywheel counter control means 210 may be imple-
mented. It will also be apparent to one of ordinary skill
- in the art that all or part of the logic, with the possible
exception of the high Speed serial to parallel converter,
may be implemented in a gate array or other type of
LSI circuitry. It will therefore be appreciated that the
invention is not limited to the embodiments which have
been specifically set forth above, but is instead, fully
commensurate in scope with the following clalms |

‘What 1s claimed is: |

1. An apparatus for locating a sync pattern in a-dlgltal
~data stream, comprising:
means, responsive to said digital data stream, for

detecting the sync pattern, for generating a first

- signal 1n response to a condition in which said sync

pattern occurs at a position in said digital data

stream within a window about an expected position
of said sync signal and for setting a width of said
window in accordance with a value of a threshold
signal; and |

means, responsive to said first signal for generating
said threshold signal to have (a) a first value caus-
ing said window to have a first width in response to
a condition in which said first signal occurs within
a predefined interval, and (b) a second value caus-
ing said window to have a second width greater
than said first width in response to a condition in
which said first signal does not occur within said
predefined interval.

2. An apparatus as clalmed in claim 1, further com-
prising:

10

said generatlng means 1s additionally for generating

- said select signal. | |

3. An apparatus as claimed in claim 1, wherem In
response to said threshold signal having said second
value, said detecting means sets said width of said win-

dow at a value not less than a greatest possible amount

~ by which said position at which said sync pattern oc-
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curs can deviate from said expected position, so that
said first signal is generated in response to any sync

pattern.

4. An apparatus for locatlng a sync pattern, compris-

Ing:

converting means, for recewmg serial data, and for
converting said serial data into parallel data;

- means, arranged to receive said parallel data, for
detecting said sync pattern in said parallel data, for
generating a sync pulse in response to the detection
of said sync pattern, for determining an actual posi-
tion of said sync pattern, and for generating a posi-
tion signal indicative of said actual position;

means, arranged to recetve said position signal, for
comparing said actual position with an expected
position indicated by an expected position signal,
and for generating a slip signal indicative of a de-
gree of slip between said expected position and said
actual position;

first signal generating means, arranged to receive said
slip signal, for generating a sync-in-window signal
when said degree of slip is within an acceptable
window;

second signal generating means, coupled to said de-
tecting means and said first signal generating
means, for generating a syncfound signal in re-
sponse to the generation of both said sync pulse and
sald sync-in-window signal;

means, arranged to receive said syncfound signal and
sald position signal, for latching said position signal
to generate a shift signal in response to said sync-
found signal;

third signal generating means, coupled to said first
signal generating means, said second signal gener-
ating means, and said comparing means, and re-
sponsive to said syncfound signal, for generating a
select signal indicative of said expected position,
for generating a threshold signal having a value
corresponding to a width of said acceptable win-
dow, for supplying said threshold signal to said
first signal generating means to set said width, and
for causing said threshold signal to assume (a) a
first value if said syncfound signal has been gener-
ated in a predefined interval, and (b) to assume a
second value greater than said first value if said
syncfound signal is not generated during said pre-
defined interval; and

means responsive to said latching means and said

- third signal generating means, for generating said
expected position signal on the basis of saxd shift
“signal and said select mgnal >

S. An apparatus as claimed in claim 4, wherem said

60 detecting means is for generating a position signal in the

means, responsive to sazd detecting means, for gener-

-ating a shift signal indicative of a location of a

preceding sync pattern, wherein said detecting
means 1s additionally for setting said expected posi-
tion in response to said shift signal and a select
signal; and wherein

65

form of a 3-bit binary signal.
6. An apparatus as claimed in claim 5, wherein said
third signal generating means comprises:
a counter means for counting a number of words
between beginnings of data blocks;
decoding means, arranged to receive an indication of
said number of words between said data blocks
from said counter means and for producing said
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select signal at least partially on the basis of said
indication, and for generating a bikend signal; and

counter control means, responsive to said syncfound
signal and said bikend signal, for selectively clear-
ing said counter means, and for generating said
threshold signal.

7. An apparatus as claimed in claim 4 wherein said
second signal genérating means comprises an AND
gate. a

8. An apparatus as claimed in claim 4 wherein said
comparing means comprises;

means for determining a difference between two

quantities, said first quantity related to the value of
the shift signal, and the second quantity being re-
lated to the value of the select signal and the posi-
tion signal; and

means for generating a signal indicative of the magni-

tude of the difference between said first and second
quantity.

9. An apparatus as claimed in claim 4, further com-
prising:
 means, coupled to said converting means and said

latching means, for re-aligning said parallel data on

the basis of said shift signal.

10. An apparatus as claimed in claim 9 wherein said
third signal generating means is for generating a thresh-
old signal having a third value between said first value
and said second value, inclusively, if said blkend signal
occurs before said syncfound signal.

11. A method of locating a sync pattern in a digital
data stream, comprising the steps of:

detecting the sync pattern;

generating a first signal in response to a condition in

which said sync pattern occurs at a position in said
digital data stream within a window about an ex-
pected position of said sync pattern and for setting
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a width of said window in accordance with a value .

of a threshold signal; and
generating said threshold signal to have (a) a first
value causing said window to have a first width in
response to a condition in which said first signal
occurs within a predefined interval, and (b) a sec-
ond value causing said window to have a second
width greater than said first width in response to a
condition in which said first signal does not occur
within said predefined interval.
12. A method as claimed in claim 11, further compris-
ing the steps of:
generating a shift signal indicative of a location of a
preceding sync pattern;
setting said expected position in response to said shift
signal and a select signal; and
generating said select signal
13. A method as claimed in claim 11, comprising the
additional step of:.
setting, in response to said threshold signal having
said second value, said width of said window at a
value not less than a greatest possible amount by
which said position at which said sync pattern
occurs can deviate from said ex:pected position, so
that said first signal is generated in response to any
sync pattern.
14. A method of locating a sync pattern, comprising
the steps of:
converting serial data into parallel data:
detecting said sync pattern in said parallel data:
generating a sync pulse in response to the detectlon of
said sync pattern;
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determining an actual position of said sync pattern as

detected;

generating a position signal indicative of said actual

position;

comparing said actual position with an expected posi-

tion;

generating a slip signal indicative of a degree of slip

between said expected position and said actual
position;
generating a sync-in-window signal when said degree
of slip is within an acceptable window; and

generating a syncfound signal in response to the gen-
eration of both said sync pulse and said sync-in-
window signal.

15. An apparatus for locating a sync pattern in a
stream of serial data comprising:

means, responsive to said serial data, for dividing said

serial data into parallel data;

- means, responstve to said parallel data, for detecting
sync patterns in said parallel data and for generat-
Ing a position signal for each detected sync pattern
indicative of an alignment of said each sync pattern
with respect to word boundaries in said parallel
data:

means for determining whether a detected sync pat-

tern is valid;

means, responsive to said determining means, for

latching a position signal of said sync pattern if said
sync pattern is determined to be valid; and

means, responsive to said determining means, for

ceuntmg a number of words in said parallel data
occurTing since a most recent previous occurrence
of a valid sync pattern, and for generating a select
signal indicative of words occurring within a pre-
determined range of an expected count of a begin-
ning of a next sync pattern;

said determining means comprising means for deter-

mining validity of a current sync pattern on the
basis of the latched position signal of the most
recent previous valid sync signal, a current position
signal of said current sync pattern, and said select
signal.

16. An apparatus as claimed in claim 15 wherein said
determining means is for algebraically combining said
latched position signal, current position signal, and se-
lect signal to form a slip signal.

17. An apparatus as claimed in claim 16 wherein said
counting means comprises means for generating a

threshold signal, and wherein said determining means

further comprises means for comparing a magnitude of
sald threshold signal and said slip signal, said current
sync pattern being determined valid if said magnitude of
said slip signal is not greater than said magnitude of said
threshold signal. ~

18. An apparatus as claimed in claim 17 wherein said
counting means comprises threshold signal magnitude
changing means for causing said threshold signal to
have a first magnitude of a sync pattern is determined
valid within a predetermined number of counts, and a
second magnitude greater than a first magnitude of no
sync pattern i1s determined valid within said predeter-
mined number of counts.

19. A method of locatmg a sync pattern in a stream of
serial data, comprising the steps of:

(a) dividing said serial data into parallel data;

(b) detecting a first sync pattern in said parallel data;

(c) generating a position signal for said first sync

pattern, said position signal being indicative of an
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alignment of said sync pattern with res,pect to word |

boundaries in said parallel data;

(d) latching a position signal of said first sync pattern '

(e) counting a number of words in said paralle] data

occurring since said first sync pattern;

(f) generating a select signal indicative of words oc- -
curring within a predetermined range of an ex-

~ pected count of a beginning of a second sync pat-
tern;

(g) detecting a second Sync pattern in sald parallel
data;

10

(h) generating a current: pomtlon signal for sa:td Sec- |

ond sync pattern;

(1) determining whether said second sync pattern is
valid based on said latched position signal, said
current position signal, and said select signal.

20. A method as claimed in claim 19, comprising an
additional step (j) after said step (1) of latching said
position signal of said second sync pattern if said second
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pattern 1s determined to be valid in said step (i), and
restarting said counting in said step (e) to repeat said
steps (e)—(]) using signals pertaining to said second sync
pattern as those pertaining to said first sync pattern.
21. A method as claimed in claim 19 wherein said
determining step comprises the step of performing an

-algebraic manipulation of said latched position signal,

said current position signal, and said select signal to
form a slip signal.

22. A method as claimed in claim 21, wherein said

determining step additionally comprises the step of
- comparing a magnitude of said slip signal with a prede-

termined threshold value.

23. A method as claimed in claim 22 whereln said
predetermined threshold value is varied in accordance
with whether a valid sync pattern has been determined

with a predefined number of counts.
* %X % X %k
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